INTRODUCTION
In the past decade, some species or species groups of the genus Streptococcus, such as the enterococci, lactococci, anaerobic streptococci and nutritionally variant streptococci, have been transferred to other genera (Collins & Wallbanks, 1992; Ezaki et al., 1994; Kawamura et al., 1995a;  Schleifer & Kilpper-Balz, 1 984 ; Schleifer et al., 1985) . At the same time, several new members of the genus Streptococcus have been proposed (Devriese et al., 1988 (Devriese et al., , 1997 Eldar et al., 1994; Kilian et al., 1989; Osawa et al., 1995; Robinson et al., 1988; Skaar et al., 1994; Vandamme et al., 1996; Whiley et al., , 1990 . Presently, 42 species and four subspecies are recognized as members of the genus Streptococcus. aHaemolytic streptococci, especially the members of the mitis group (Bentley et al., 1991; Kawamura et al., 1995b) have been considered difficult to classify and identify. In a previous DNA-DNA hybridization study, we confirmed the difficulty in identifying members of the mitis group by biochemical methods; many strains identified biochemically as Streptococcus mitis, Streptococcus oralis or Streptococcus sanguinis (formerly Streptococcus sanguis) (Truper & de' Clari, 1997) remained unconfirmed by DNA-DNA hybridization (Ezaki et al., 1988) . This difficulty in identification was due to a lack of reliable, accumulated biochemical traits. Furthermore, we believe that some previously undescribed taxa that should be classified as new species or subspecies were present among the clinical isolates that had been identified as members of the mitis group. Unfortunately, members of the mitis group are genetically closely related to each other, and it is very difficult to differentiate between them even by genetic methods ; some members of the mitis group share more than 99% 16s rRNA gene sequence similarity and show 40-60% DNA-DNA homology (Kawamura et al., 1995b) .
During the present taxonomic study of the mitis group, we have found that some clinical strains showing very low DNA-DNA homology to all members of the mitis group formed two separate groups. We have determined the phylogenetic position and biochemical traits of these strains, and we propose two new species, Streptococcus peroris and Streptococcus infantis. Each value represents the mean of two experiments. We used 3 1 and 41 "C for optimal and stringent hybridization conditions, respectively. The hybridization solution contained 50 % formamide, which decreased the hybridization temperature by approximately 30 "C (Meinkoth & Wahl, 1984 
METHODS
Strains and cultivation. Strains used in this study were virtually all isolated from human (3-month-to 3-year-old children from Tokyo) clinical sources between 1990 and 199 1 : 0-66T [GTC 848T = JCM 10 1 pharynx, Kawasaki disease (KD); 0-91, pharynx, KD; 0-105, tooth surface, acute pharyngitis (group I); 0-92, pharynx, KD; 0-101, tooth surface, KD ; 0-103, pharynx, bronchiostenosis (group 11). Strains 0-122T [GTC 849T = JCM 10157T] and 0-134 (group 11) were isolated from the pharynx of a healthy Japanese child in 1990 (location unknown) and from the human pharynx (KD status, date and location unknown), respectively (Ohkuni et al., 1993) . These strains were grown on Columbia blood (5% defibrinated sheep blood) agar plates (CBA; bioMkrieux) at 37 "C under aerobic conditions. Microplate DNA-DNA hybridization. Quantitative microplate DNA-DNA hybridization was carried out as described previously (Ezaki et al., 1989) . Hybridization experiments were carried out at 31 "C (optimal conditions) and 41 "C (stringent conditions) using 2 x SSC and 50 YO formamide.
The optimal temperature was 55 "C lower than the thermal denaturation temperature ; because formamide lowered the hybridization temperature (Meinkoth & Wahl, 1984) Mol% G + C content of DNA. The mol% G + C content of the DNA was determined by HPLC as described previously (Ezaki et al., 1990) . Briefly, 10 pl purified DNA (1 mg ml-l) was heat-denatured, and after cooling the DNA solution, 10 p1 Nuclease P1 solution (2 U ml-') was added and incubated at 50 "C for 1 h. Then 10 pl alkaline phosphatase solution (2.4 U ml-l) was added and allowed to incubate at 37 "C for 30 min. The digested DNA solution was analysed by HPLC using a packed column (Wakosil 5C18; Wako).
The G + C content was calculated based on the Escherichia coli K-12 strain DNA as a standard (51.12 mol% G+C).
165 rRNA gene sequence and analysis. The 16s rRNA genes were amplified by PCR as previously described . The sequence was determined using an automatic sequencer (ALF-express) with an auto-load sequencing kit (both from Pharmacia Biotech). The sequence from positions 45-1380 (E. coli numbering) of each 16s rRNA was determined. The sequences of the other members of the genus Streptococcus used for alignment and for calculating the homology levels were obtained from the DDBJ, GenBank and EMBL databases. The CLUSTAL w software originally described by Thompson et al. (1994) was used to align the sequences, and the phylogenetic distance was calculated using the neighbour-joining method. The phylogenetic tree was drawn using TREEVEW software. 
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Biochemical traits. The biochemical traits were determined with Rapid ID32 Strep (bioMerieux) and STREPTOGRAM (Wako) (Kawamura et al., 1995c) according to the manufacturers' recommendations. We confirmed the hydrolytic ability of arginine in Moeller-decarboxylase medium containing 1 YO D-arginine. We also determined aesculin hydrolysis in a heart infusion broth containing 0-1 YO aesculin and 0.05 YO ferric citrate. After inoculation into these media, cultures were observed continuously for 1 week.
RESULTS

Colony morphology
All strains of group I formed pin-point colonies (less than 0.1 mm in diameter) on CBA-plates at 37 "C under aerobic conditions after 1 d incubation. After 3 d incubation, they made 'middle size' colonies (approximately 0.3-0.8 mm in diameter). The strains of group I1 also formed small colonies after 1 d incubation. However, they grew more rapidly than the strains of group I, and they made colonies 0-3-0-8 mm in diameter after 2 d incubation. All strains of groups I and I1 showed a-haemolysis on CBA plates.
DNA-DNA hybridization
The DNA-DNA hybridization similarity values obtained under optimal (31 "C) and stringent (41 "C) conditions are shown in Table 1 . Three strains of group I showed more than 83 and 75% similarity under optimal and stringent conditions, respectively. Similarly, five strains of group I1 showed more than 71 % similarity under both optimal and stringent conditions. These two new groups showed less than 33 % similarity to all established members of the mitis group as well as to other a-haemolytic streptococci (S. salivarius and S. bovis). These data clearly demonstrated that these two new groups were genetically independent taxa.
rRNA analysis
Before we performed the phylogenetic analysis of groups I and 11, we determined the 16s rRNA sequence and phylogenetic position of the type strain of S. cristatus, as this species had previously been designated as S. sanguinis and was strongly suspected of belonging to the mitis group. As expected, the branching root of S. cristatus was located within the mitis group cluster, and the highest level of sequence homology to S. cristatus was exhibited by S. sanguinis (97-1 YO).
The sequences from positions 45 to 1380 (E. coli numbering) of the 16s rRNAs of strains 0-66T and 0-122T were determined. We also determined the partial sequences of the 16s rRNA gene (about 500 bp from the 5' end, which includes V1, V2 and V3 areas) from six other strains. The three strains of group I shared complete sequence homology within this 500 bp region. The five strains of group I1 shared almost identical sequences with each other. Each of these The highest levels of sequence homology, and therefore the closest relationships, were found to be between group I, group I1 and S. mitis (Table 2) .
Biochemical characteristics
Biochemical traits were determined using two different commercially available kits (Rapid ID32 Strep and STREPTOGRAM). The biochemical reaction patterns are shown in Table 3 . All strains of group I gave a positive reaction for acidification of lactose, maltose and sucrose, and production of P-D-galactosidase (only from the substrate p-nitrophenyl p-Dgalactopyranoside) and alanine-phenylalanine-proline-arylamidase (APPA). All strains gave a negative reaction for arginine and aesculin hydrolysis with both commercial kits and the conventional tests. Only one strain gave a positive reaction for alkaline phosphatase. All strains of group I1 gave a positive reaction for acidification of lactose, maltose, sucrose and tagatose, and production of p-D-galactosidase (from both pnitrophenyl p-D-galactapyranoside and 2-naphthyl p-D-galactopyranoside substrates), APPA and glycinetryptophan arylamidase. All strains of group I1 gave a negative reaction for arginine and aesculin hydrolysis with both commercial kits and the conventional tests. Only one strain gave a positive reaction for acidification of inulin and pullulan. Three strains gave a positive reaction for the production of p-D-fucosidase and N-acetyl-P-D-ghcosaminidase. Only one strain gave a weak reaction for pyrrolidonyl arylamidase. Rapid ID32 Strep kit profile numbers for 0-66T and 0-122T were 44012001 100 and 40016641 120, respectively. 
DISCUSSION
From the DNA-DNA hybridization results, the strains of groups I and I1 formed completely separate groups, showing more than 75 YO DNA similarity with their respective representative strains (0-66T and 0-122T) even under stringent conditions. In contrast, less than 30 YO DNA similarity was obtained with the seven type strains of currently recognized members of the mitis group. The genomic similarity values showed that groups I and I1 were closely related to each other, since they shared 40-60% DNA similarity (Table 1) . However they shared only 97.2% 16s rRNA gene sequence homology. This value was lower than that obtained for group I1 with S . mitis, S . oralis, S. pneumoniae or S. sanguinis (Table 2) . Furthermore, the phylogenetic tree showed that the branching roots of groups I and I1 were slightly separated and were clustered with the S. gordonii and S . mitis-S. oralis-S. pneumoniae branches, respectively (Fig. 1) . Therefore, the genetic relationships deduced from the DNA-DNA hybridization data and from the 16s rRNA sequence data were different. There are three registrated 16s rRNA gene sequences of the type strain of S. sanguinis in the database (accession numbers X53653, AF003928 and AB002524). They have 4-13 base differences within the same area (about 1300 bp). We could not explain the actual reason for this sequence variation, however the possible reason is technical, leading to mis-determination of sequence or sequence determination from different copies of the 16s rRNA gene. Nevertheless, with use of any one of these registrated sequence data, S. sanguinis is still located in the mitis group, even if the branching root is slightly different than that in Fig. 1 (data not shown). The group I strains showed a positive p-galactosidase reaction only from the substrate p-nitrophenyl p-Dgalactopyranoside (Table 3) . At least three substrates have been used for the detection of P-galactosidase activity (2-naphthyl p-D-galactopyranoside, p-nitrophenyl p-D-galactopyranoside and 4-methylumbelliferyl p-D-galactopyranoside) (Beighton et al., 199 1 ;  bioMirieux). Most likely, the collective data for pgalactosidase has been using the substrate 2-naphthyl Table 4 . Biochemical characteristics that differentiate the new species from other members of the mitis group Data taken from Kikuchi et al. (1995) Strains of group I1 showed similar biochemical traits to S. mitis or S. oralis. However, some biochemical reactions, such as alkaline phosphatase, P-galactosidase (substrate is 2-naphthyl P-D-galactopyranoside) and tagatose acidification, are helpful for differentiating group I1 strains from these species (Table 4) . The tagatose acidification test is only used in the Rapid ID32 Strep kit and was not performed using a conventional method. All S. mitis strains were negative for tagatose acidification in the Rapid ID32 Strep test kit as previously reported by Kikuchi et al. (18) . Streptococcusperoris (per.or.is. L. adj. per through; L. n. oris oral cavity; L. adj. peroris pertaining to the oral cavity, from where the organism was isolated).
Cells are non-sporulating, non-motile, Gram-positive, catalase-negative cocci that are approximately 06-0-8 mm in diameter, and grow in short chains.
Facultatively anaerobic. a-Haemolytic on Columbia blood (sheep) agar plates. The biochemical characteristics of the species are shown in Table 3 . The G + C content of the DNA is 39.8-405 mol% (HPLC method). Strains are isolated from the human tooth surface and pharynx. The type strain is strain 0-66T (= GTC 848T = JCM 10IBT).
Description of Streptococcus infantis sp. nov.
Streptococcus infantis (in.fant.is. L. n. infans infant; L. adj. infantis pertaining to human infants, from whom the organism was isolated).
Cells are non-sporulating, non-motile, Gram-positive, catalase-negative cocci that are approximately 0-6-1.0 mm in diameter, and grow singly or in short chains. Facultatively anaerobic. a-Haemolytic on Columbia blood (sheep) agar plates. The biochemical characteristics of the species are shown in Table 3 . The G + C content of the DNA is 39-9-40.4 mol YO (HPLC method) . Strains are isolated from the human tooth surface and pharynx. The type strain is strain 0-122T (= GTC 849T = JCM 10157T).
